Abstract. Spontaneous rupture of hepatocellular carcinoma hemorrhage is life-threatening. The aim of the present study was to retrospectively analyze the effect of gelatin sponge microparticles (GSMs) of various diameters on the treatment of spontaneous rupture of hepatocellular carcinoma hemorrhage. GSMs serve as embolization agents by transcatheter arterial chemoembolization (TACE), and the current study analyzed their safety and efficacy. Data from a total of 13 cases of spontaneous rupture of hepatocellular carcinoma hemorrhage, who were treated with GSM-TACE at the Affiliated Zhongshan
Introduction
Hepatocellular carcinoma (HCC), also known as liver cancer, is the sixth most common malignant tumor worldwide. Each year, ~748,000 patients are diagnosed with liver cancer, and ~696,000 of these succumb to the disease; liver cancer accounts for ≤1/3 of various malignant tumors. In China, the number of patients with liver cancer is >50% larger than the total number of patients that develop liver cancer worldwide (1) . Spontaneous rupture of HCC hemorrhage is a severe complication of HCC; the incidence of spontaneous rupture in Western countries is ~3%, and the mortality rate in Asian countries is 12-14% (2) . As a result of its acute onset, the spontaneous rupture of HCC hemorrhages often leads to hemorrhagic shock, and if timely and reasonable treatment methods are not provided, the lives of the patients are put at risk (3) (4) (5) (6) (7) .
Surgical resection, transarterial chemoembolization (TACE) and transcatheter arterial embolization (TAE) are common methods used in the treatment of spontaneous rupture of HCC hemorrhage (8) (9) (10) . Recently, a novel method combining surgery and radio frequency ablation was reported for the treatment of spontaneous rupture of HCC hemorrhage (11) . However, despite the presence of numerous positive treatment methods, a large number of patients are not successfully treated, and the mortality rate within 30 days is as high as 31-67% (8, (12) (13) (14) (15) . Common embolic agents currently used in the clinical treatment of acute spontaneous rupture of HCC hemorrhage by TACE or TAE are iodized oil, gelatin sponge particles (Gelfoam), stainless steel rings and polyvinyl alcohol (16, 17) ; to date, gelatin sponge microparticles (GSMs) combined with chemotherapy for the treatment of this disease has not been reported.
Embolization materials can be classified into three groups by the duration of embolization effect: Short-term, medium-term, and long-term. GSMs are medium-term embolic agents produced in China. A previous study using animal experimentation, performed at the Affiliated Zhongshan Hospital of Dalian University (Dalian, China), demonstrated the safety of GSMs (18) . Clinical application studies have suggested that GSM-TACE in the treatment of HCC results in tumor necrosis and a reduction in tumor size, and has good clinical curative effects (19) (20) (21) . The present study aimed to summarize the clinical hemostatic effect of GSM-TACE in the treatment of HCC, and to investigate the safety and efficacy of the clinical application of GSMs.
Materials and methods
Clinical materials. Data from a total of 13 cases of HCC combined with spontaneous rupture of HCC hemorrhage, who were treated between August 2010 and June 2014, were collected at the Affiliated Zhongshan Hospital of Dalian University (Dalian, China). The 13 patients were admitted to hospital 1 h to 2 days after suddenly developing acute abdominal pain or liver region pain, and 8 patients exhibited signs of peritoneal irritation. Imaging examinations, including computed tomography (CT), B ultrasound and magnetic resonance imaging, combined with the recording of clinical manifestations or diagnostic abdominal puncture, confirmed that the patients had a rupture of HCC (Table I) . Baseline liver enzymes, including aspartate transaminase (AST), alanine aminotransferase (ALT), total bilirubin (TBIL) and albumin (ALB), were obtained prior to the GSM-TACE. The present study was approved by the Ethical Committee of the Affiliated Zhongshan Hospital of Dalian University (Dalian, China). Written informed consent was obtained from the patients or the patient's family.
GSM-TACE technique.
The Seldinger method (22) was used to puncture the right femoral artery, a 5F-RH catheter (Terumo, Tokyo, Japan) was implanted into the hepatic duct, and routine celiac artery and hepatic artery angiography was subsequently performed (22) . Heterotopic feeding artery angiography, including the superior mesenteric artery, phrenic artery, right renal artery and left gastric artery angiography, was conducted according to tumor location, size, tumor staining integrity and contrast extravasation, in order to confirm the tumor feeding arteries. Digital subtraction angiography (DSA) was performed to map the vascular liver anatomy to determine the presence of tumor staining and to identify the arterial feeders of the tumor. Tumor stains were specific findings of the HCC in DSA. The operational approach employed, GSM-TACE, was similar to routine TACE technique (22) , aside from the use of GSMs [Hangzhou Aili Kang Pharmaceutical Technology Co, Ltd. (Hangzhou, China); size, 100 mg] with various diameters (350-560, 560-710 and 710-1,000 µm) and dosages (30-150 mg), according to tumor size and intraoperative blood flow velocity. GSMs were mixed with 10 mg lobaplatin injection (Hainan Chang'an International Pharmaceutical Co., Ltd., Chang'an, China; 10 mg) to make the particle suspension. The GSMs and chemotherapeutic drug suspension were slowly infused via the transcatheter into the feeding artery in the tumor region, and the infusion was continued until the regional intra-arterial blood stagnation and tumor staining disappeared completely. Intraoperative angiography can be used to determine whether embolization should be performed. Following thoroughly embolization, the catheter was placed in the celiac artery, and once arteriography revealed the splenic artery, liver protection therapy was performed; 15 ml polyene phosphatidylcholine injection and 1.8 g glutathione (Fudan Fuhua Pharmaceutical Co., Ltd., Shanghai, China) were mixed with 150 ml glucose to a concentration of 5%, and slowly infused.
Post-operative management. Patients were fasted for 1-2 days and remained on bed rest. Fluid infusion with saline and glucose was performed for 3-5 days (1,500-2,500 ml/day). In addition, the patients received the following: Intravenous injection of 2 g cefazolin sodium (Le Pu Pharmaceutical Co., Ltd., Henan, China), twice daily; intravenous injection of coenzyme complex 1 + 100 ml glucose with a concentration of 5% (Shuanglu Pharmaceutical Co., Ltd., Beijing, China), once daily; intravenous injection of 15 ml polyene phosphatidylcholine injection + 100 ml glucose with a concentration of 5% (Tiantai Mountain Pharmaceutical Co., Ltd., Sichuan, China), once daily; intravenous injection of 1.8 g glutathione + 100 ml sodium chloride with a concentration of 0.9%, once daily; intravenous injection of 40 mg esomeprazole (AstraZeneca Pharmaceutical Co., Ltd., Jiangsu, China) + 0.9% sodium chloride 100 ml, once daily; intravenous injection of 5 mg tropisetron (Yikang Pharmaceutical Co., Ltd., Shandong, China) + 0.9% sodium chloride 100 ml, once daily; intramuscular injection of 1 KU hemocoagulase (Aohong Pharmaceutical Co., Ltd., Liaoning, China), once daily; and intramuscular injection of 10 mg vitamin K1 (Yikang Pharmaceutical Co., Ltd., Shandong, China), once daily. Post-operative fever occurred in seven patients , and symptomatic treatment [compound aminophenazone (Shuanghe Pharmaceutical Co., Ltd., Shanxi, China)] was administered via intramuscular injection when the temperature of a patient was >38.5˚C. Post-operatively, all patients had right upper abdominal pain, and were treated according to WHO analgesic three principles (23) .
Evaluation of the curative effects and observation of adverse effects. Evaluation was performed based on the Response Evaluation Criteria In Solid Tumors (mRECIST 1.1) (24) . Target lesions were scored as follows: Complete response (CR), all target lesions developed during the arterial enhancement period ceased to exist, and all lymph nodes (pathological) were <10 mm; partial response (PR), total target lesion arterial enhancement length diameter was reduced ≥30%; progressive disease (PD), total baseline lesion diameter was increased ≥20%, or new lesions occured; and stable disease (SD), total baseline lesion diameter was reduced but did not reach the level of PR, or the level was increased but not as high as in PD.
Non-target lesions were scored as follows: CR, all non-target lesions developed during the arterial phase ceased to exist and the tumor marker levels were normal (normal AFP, 0-20 ng/ml); SD, ≥1 non-target lesions developed during the arterial phase remained, or tumor marker levels were higher than normal levels; and PD, the appearance of ≥1 new lesions and/or the existence of non-target lesions. The tumor objective response rate (ORR; ORR = CR + PR / total number of patients in each time segment) of each time segment was calculated. The time segment was the time from the initial GSM-TACE to the evaluation of the curative effects. At 4 days after surgery, a review CT scan was performed to evaluate the hemostasis effect and tumor necrosis degree following GSM-TACE. Routine blood, liver and kidney function tests, and α-fetoprotein (AFP) examination, were conducted at 4 and 7 days and every month after surgery. An enhanced CT examination was performed every month after surgery in order to evaluate whether there was re-bleeding or new lesions; if there was no re-bleeding, subsequent GSM-TACE treatment was performed to control tumor growth. The purpose of the treatment was to prolong the survival of patients.
Statistical analysis. Statistical analyses were performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. Among the 13 cases of patients with HCC, 11 cases had tumors located in the right lobe and 2 cases had tumors located in the left lobe. A total of 11 cases had tumors protruding from the surface of the liver capsule, and various degrees of blood accumulation could be observed in the inferior liver capsule and abdominal cavity (Fig. 1A) . Baseline liver enzymes were obtained prior to the GSM-TACE as follows: AST, 48.31±15.88 IU/l; ALT, 44.77±13.25 IU/l; TBIL, 24.46±5.53 µmol/l; and ALB, 39.69±4.36 g/l. Prior to GSM-TACE, DSA showed that all 13 cases had hypervascular tumors with strong tumor staining (Fig. 1B) . Following GSM-TACE surgery, all 13 cases in the group achieved successful hemostasis, and the tumor staining disappeared (Fig. 1C) . At 4 days after GSMs-TACE, a review CT scan was conducted and the results showed that 13 cases had no significant increase in hepatic subcapsular hematoma and hemoperitoneum, and different degrees of ̔honeycomb̓ necrosis could be seen in lesions (Fig. 1D) . Among the 13 cases, review CT showed that 2 cases had tumors located in the liver V segment and VI segment edge with significant necrosis, and no re-bleeding. These 2 cases received selective tumor resection at 10 days post-operation and 1 month post-operation, respectively. During the surgery, the tumor invaded the liver capsule which resulted in tumor ulceration, and obvious necrosis tissues could be observed. One case had a re-rupture of the hepatocellular carcinoma hemorrhage at 3 months after surgery, and received a second GSM-TACE for successful hemostasis. All the cases had a review CT scan at 1 month after surgery, and these showed that the intrahepatic tumor size of 7 cases (53.8%) was reduced compared with baseline lesions (Fig. 1E) . Post-operative pathological examination confirmed that the tumor was a moderately differentiated hepatocellular carcinoma (Fig. 2) .
Adverse reactions following GSM-TACE. Patients had various degrees of right upper abdominal pain and nausea and vomiting following surgery, and this may be related to tumor rupture and reactions following embolism. Following surgery, 7 patients experienced symptoms of fever, and body temperature fluctuated of 37.1-38.9˚C. Liver enzymes were measured four days after the GSM-TACE as follows: AST, 60.85±13.53 IU/l (P= 0.037); ALT, 54.23±12.72 IU/l (P= 0.001); TBIL, 38.77±4.67 µmol/l (P=0.011); and ALB, 37.77±3.61 g/l (P=0.001). Although these results were significantly increased and indicative of mild impaired liver function, this was only transient and liver function indices recovered to the normal levels (AST, 37.51±13.84 IU/l; ALT, 35.47±12.41 IU/l; TBIL, 21.86±3.84 µmol/l; and ALB, 43.77±11.38 g/l) after ~7 days of supportive liver protection therapy. A total of 13 cases had I-II degree adverse reactions following surgery (Table II) .
Therapeutic evaluation. The survival rates at 1, 3 and 6 months after surgery were 76.9 (10/13), 61.5 (8/13) and (Table III) .
Discussion
Interventional embolization is the first choice of emergency treatment for HCC rupture hemorrhage (25, 26) . A previous meta-analysis (16) revealed that the success rate of TAE hemostatic therapy for the treatment of HCC rupture hemorrhage in the acute stage was 53-100% (16); the 30-day mortality of TAE treatment (0-37%) was lower than that of surgical resection (28-75%), suggesting that regardless of whether patients with HCC have bleeding or not, the survival rate will be similar following treatment (16). Kirikoshi et al (14) demonstrated that the post-operative survival rate of TAE treatment was significantly higher compared with surgical resection; mortality rates following surgical resection within 30 days of surgery were 30-70%, and the mortality rates following TAE treatment within 30 days of surgery were <10%. Tumor resection following TACE or TAE for the treatment of patients with HCC greatly increased the survival rate of the patients (27) . The long-term outcomes of surgical resection were improved compared with TACE treatment for HCC, and resection was able to remove the tumor completely (28-30). All 13 patients with rupture of hepatocellular carcinoma hemorrhage received GSM-TACE treatment between 1 h and 2 days after bleeding; among them, 2 cases received surgical resection following GSM-TACE treatment. After follow-up between 4 and 6 months, the results demonstrated that no recurrence or metastatic lesions were observed among the patients who received surgical resection. It is believed that TACE is preferable in the treatment of spontaneous rupture of hepatocellular carcinoma hemorrhage, and elective surgical resection may help to improve the long-term curative effect. Tumor rupture hemorrhage is one of the severe complications of primary hepatocellular carcinoma, and the underlying mechanisms remain unclear. A number of investigators believe that tumor invasion in hepatic veins may cause congestion, and increased tumor growth speed could cause central necrosis combined with coagulation disorders, and the tumor tissue edge is vulnerable, so trauma or a sudden increase in intra-abdominal pressure and the friction between the diaphragmatic muscle and the tumor, caused by respiratory motion could result in rupture and bleeding (26, 31) . In the present study, 11 cases had a tumor protruding from the liver surface, and 9 cases had a tumor protruding from the liver surface >1 cm. The results of the current study demonstrate that tumor size >5 cm and tumors protruding from the liver surface are one of the primary risk factors of HCC rupture and bleeding. In the present study, 1 case had a rupture of HCC hemorrhage, and no follow-up was conducted following emergency GSM-TACE embolization; after 3 months, re-bleeding occurred and hemostasis was achieved after treatment with the same embolization therapy. To date, the patient is in a stable condition according to mRECIST; stable disease and the diameter of the tumor were reduced but a partial response was not achieved. Bleeding following GSM-TACE treatment may be associated with the following factors: i) The tumor protruding into the liver surface; ii) excessive embolism therapy dosages; iii) a large tumor with internal liquefaction necrosis and increasing pressure; and iv) tumor progression. In the present study, the patients underwent hemostasis following GSM-TACE treatment, and the tumor growth was effectively inhibited during follow-up the period.
In the current study, the clinical characteristic of TACE in the treatment of HCC rupture and bleeding were assessed following the application of particulate embolic agent-GSM in regional tumor arterial embolization. Worldwide, embolic agents for the treatment of HCC rupture and bleeding typically include iodized oil, gelatin sponge particles, polyvinyl alcohol and stainless steel ring (17, 29) , and each agent has its advantages and disadvantages. The agents using iodized oil as the primary embolic agent after years of clinical precipitation are used widely, but during the treatment of HCC by TACE, the necrotic rate of tumors is only 0-4.8% (32, 33) , and it may lead to severe complications, such as pulmonary embolism (34) . However, the application of iodized oil embolization agent is considered to be one of the factors that cause tumor rupture (35, 36) .
The application of permanent embolic agents and steel rings is not conducive to the future treatment of HCC. The GSMs used in the present study were particle-type mid-embolic agents made in China, and preliminary animal experiments and clinical studies have confirmed their safety and efficacy, which is suitable for the treatment of large HCCs and combined arteriovenous fistula and portal vein thrombosis; in the present study, tumor necrosis could be observed at 3 h after surgery with few complications (18, 19) . In addition, in the current study, no re-bleeding occurred in 13 cases (100%) 1 month after GSM-TACE. Grade I-II adverse reactions, such as fever, right upper abdominal pain, nausea and vomiting, are common complications following GSM-TACE (37) ; in the present study, the liver and kidney functions were recovered to the pre-operative levels 7-10 days after surgery, tumor growth was effectively controlled, and the ORR at 1, 3 and 6 months after surgery was 61.6, 53.9 and 38.5%, respectively, leading to the conclusion that the survival rate of the patients was prolonged. The occurrence of the above-mentioned complications may be associated with tumor necrosis. In the current study, 4 cases succumbed to complications, such as tumor progression complicated with multiple organ failure, gastrointestinal bleeding and hepatic encephalopathy; however, patient mortality showed no direct correlation with GSM-TACE. The results of the present study were concordant with those of previous studies with regards to the safety and clinical efficacy of GSMs for the treatment of HCC (19) (20) (21) . Pre-operative shock, low hemoglobin and albumin expression levels, prolonged prothrombin time, increased serum creatinine expression levels, hepatic encephalopathy, severe ascites, portal vein tumor thrombus and multinodular tumors in the left and right lobe are the primary factors that affect the treatment of HCC rupture hemorrhage. Liver function is one of the prognostic factors for survival time in TAE and TACE (25) . According to the Barcelona clinic liver cancer (BCLC) standard, all of the patients in the present study were suitable for GSM-TACE treatment. During surgery, the dosage was personalized for each individual according to patients' conditions, as suitable quantity of embolism is a key factor in achieving good clinical efficacy. In addition, the protection of liver function during and following TACE is important.
In conclusion, in patients with acute HCC rupture, bleeding with stable vital signs, BCLC B stage and Child A-B grade can be treated with TACE as a first line of treatment. After reaching a stable condition, treatment with surgery can be conducted appropriately according to lesion location, size, number, metastasis status and tumor progression, which is conducive to improve the long-term curative effect. GSM-TAC for the treatment of HCC rupture and bleeding has the advantages of a good hemostatic effect, and good safety and short-term effects; however, due to the small sample size used in the current study, the long-term effects need to be verified by investigating a larger sample size.
